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Introduction
Obesity has reached epidemic proportions globally. With more than 1 billion adults being overweight and at least 300 million of them clinically obese, it is a major contributor to the global burden of chronic diseases and disability. Obesity and overweight pose a major risk for chronic diseases, including type 2 diabetes, hypertension, cardiovascular disease, and cancer [1] .
Not only the extent of overweight determines the risk of overweight related complications but also the distribution of fat over the body is an important determinant of future complications. In particular, additional abdominal fat is associated with higher disease risks than additional subcutaneous fat or femoral fat, i.e. fat located at hips and thighs. Waist circumference is a better predictor of abdominal fat than BMI [2, 3] and is, together with waist-to-hip ratio, closely associated with risk of myocardial infarction and coronary heart disease [4] .
Migrants often have a higher risk of obesity [5, 6] . Furthermore, people from ethnic minority groups often have a relatively low socio-economic position compared to the host culture. In highly developed countries, low socio-economic status (SES) itself is also associated with higher prevalence rates of overweight and obesity [7] [8] [9] . It is unclear whether and which socio-economic factors play a role in explaining the higher obesity risk among migrants.
In Europe, migrants from Turkey and Morocco are among the largest ethnic minority groups. Turkish migrants mainly live in Germany and the Netherlands. Migrants from Morocco mainly reside in France, Belgium, and the Netherlands [10] . In Amsterdam, the Netherlands, Turkish and Moroccan migrants account for around 5% and 9% of the total population respectively. Because of the relatively high immigration figure and high birth rate in these groups, their numbers are expected to rise in the coming years [11] .
Among Turkish and Moroccan migrants in Western European societies such as the Netherlands high levels of overweight and obesity have been reported [5, 6, 10, 12, 13] . However, many studies use self-reported data on body height and weight and limited information is available on the current obesity prevalence, based on physical measurements. In addition, little is known about the effect of SES on ethnic differences in overweight and obesity prevalence, and, in particular, which socio-economic factors are relevant in explaining ethnic differences.
In this study, we aim to investigate differences in excess body weight and abdominal fat mass between Turkish and Moroccan migrants and the ethnic Dutch population. We will present prevalence rates of general, central and abdominal obesity for each ethnic group, based on physical examination. Furthermore we aim to analyse (possible) differences in the association between BMI and abdominal fat mass in these ethnic groups. Finally, this study aims to gain insight into the contribution of several indicators of SES to the high prevalence of obesity among ethnic minority groups.
Material and Methods
In 2004 a general health survey was conducted by the Public Health Service of Amsterdam in collaboration with the Dutch National Institute for Public Health and the Environment. Data obtained from this crosssectional survey in the Amsterdam population, as described earlier, were used [14, 15] . The study sample was drawn from the municipal population register within five districts in Amsterdam. The combined population of these five districts was representative of the total Amsterdam population. To ensure sufficient numbers in each age and ethnic group, the sample was stratified by five age groups (18-34 years, 35-44 years, 45-54 years, 55-64 years, 65 years and older) and by ethnicity (Dutch, Turkish, Moroccan). Within each stratum a random sample was drawn. Selected residents (≥18 years) were invited to participate in a health interview and health examination at a local childcare centre. All participants signed an informed consent form. The study protocol was approved by the Medical Ethical Committee of the Academic Medical Centre, University of Amsterdam.
Measurements
First, a health interview was conducted in the respondent's language of choice (i.e., Dutch, Turkish, Moroccan-Arabic, Berber or English). Translations of the questionnaire, validated by back-translation, in Turkish, Arabic, and English were available. The questionnaire covered several aspects of physical and psychological health, lifestyle, and demographic factors. Ethnicity was based on the self-reported country of birth of the respondent and his/her parents. If one of these (three) countries was Turkey or Morocco, the respondent was considered to be Turkish or Moroccan, respectively. Dutch means that both of the respondent's parents were born in the Netherlands. Several indicators of SES were assessed in the health interview, namely educational level, financial situation, net household income, and current employment status of the respondent and the household's main breadwinner. Educational level was based on the highest level of completed education and divided into three categories: 'low' (up to primary school), 'medium' (up to secondary school), and 'high' (higher professional education and university). Perceived financial situation was assessed in five categories: 'has to go into debt', 'has to use savings', 'can just get by', 'has a bit of money left', 'has a lot of money left'. Income level was considered to be below standard if the net household income was below EUR 1,350.-per month.
Second, a health examination was performed by a trained nurse. Body height and weight were measured in individuals wearing light indoor clothing, without shoes and emptied pockets. Body height was measured with a wall-mounted stadiometer to the nearest 0.5 cm. Body weight was measured with a calibrated analogue scale to the nearest 0.5 kg and was adjusted for clothing weight by subtracting 1 kg. BMI was calculated as body weight (kg) divided by squared body height (m 2 ). Overweight was defined as 25 kg/m 2 ≤ BMI < 30 kg/m 2 , obesity as BMI ≥ 30 kg/m 2 [16] . Waist circumference was measured at the level midway between the lowest rib margin and the iliac crest, and the hip circumference at the widest level over the greater trochanters; both measurements were performed in duplicate. Waist-to-hip ratio was calculated as waist divided by hip circumference. Abdominal obesity was defined as waist circumference ≥ 102 cm for men and ≥ 88 cm for women, and central obesity was defined as waist-to-hip ratio ≥ 0.95 for men and ≥ 0.80 for women [2] .
Statistical Analyses
A few respondents (n = 8) did not participate in the health examination. Respondents with missing values on either age, body weight, body height, waist or hip circumference (n = 44) were excluded from analyses. Consequently, the study population consisted of 1,285 respondents (422 Turkish, 353 Moroccan, and 510 Dutch).
To adjust for over-sampling and non-response, mean values and prevalence rates were weighted for age and sex according to the distribution in the Amsterdam population at the time of data collection (January 2004). In all univariate analyses confidence intervals were corrected for stratification using the SPSS Complex Samples procedure. After testing for normality, t-tests were used to assess ethnic differences in continuous variables while chi-square tests were used for categorical variables.
Ethnic differences in the effect of an increase in BMI on waist circumference and waist-to-hip ratio and the effect of SES on ethnic differences in BMI were analysed via linear regression analyses adjusting for age. All analyses were performed using SPSS for Windows 15.0. (SPSS Inc., Chicago, IL, USA).
Results
A total of 1,329 Amsterdam residents of Dutch, Turkish and Moroccan origin were included (479 Dutch, 453 Turks, 374 Moroccans). The response rate was 45% (Dutch 46%, Turks 50%, Moroccans 39%). In table 1 the crude characteristics of the study population are shown. Turkish individuals and Moroccan women were relatively young compared to their Dutch counterparts. Educational and income level were relatively low in the Turkish and Moroccan compared to the Dutch population. Furthermore, the level of unemployment was relatively high among Turkish and Moroccan migrants.
The weighted population means for body height and weight, BMI, waist and hip circumference, and the waist-tohip ratio per ethnic group are presented in table 2. A significantly higher mean BMI was found among Turkish migrant men than ethnic Dutch men. However, although their BMI was relatively high, Turkish men did not have a higher but a lower (not significant) mean waist circumference. Moroccan
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Ethnicity, Obesity and Body Fat Distribution 55 tistically significant differences between ethnic groups in prevalence rates of central obesity were found. A BMI of 25 kg/m 2 or higher was significantly (p = 0.01) more common among Turkish men (61%) than among Dutch men (44%). The difference in overweight between Moroccan (50%) and Dutch men was not statistically significant. General obesity (BMI ≥ 30 kg/m 2 ) prevalence rates did not significantly differ between men with different ethnic backgrounds, neither did prevalence rates for central and abdominal obesity. However among Dutch men abdominal obesity was much more prevalent than general obesity while among Turkish and Moroccan men there were no significant differences.
The association between BMI and waist circumference or waist-to-hip ratio might differ between ethnic groups. To analyse this, linear regression analyses were performed with waist circumference and waist-to-hip ratio as dependent variables and BMI, ethnicity and age as covariates. Because of a significant interaction effect (among women) between BMI and ethnicity, all analyses were stratified by sex. The resulting regression lines for each ethnic group are shown in figure 2. Dutch men had an overall higher waist circumference and waist-tohip ratio in relation to their BMI than migrant men. In women a significant interaction effect between BMI and ethnicity was found in Moroccan and Turkish women in relation to waist circumference and in relation to waist-to-hip ratio in Turkish men had a significantly lower waist-to-hip ratio than Dutch men. Among women a relatively high mean BMI was seen among both Turkish and Moroccan migrant women as compared to ethnic Dutch women. The same was seen in mean waist and hip circumference and waist-to-hip ratio; these were significantly higher among Turkish and Moroccan women than among Dutch women.
In figure 1 prevalence rates for overweight (25 kg/m 2 ≤ BMI <30 kg/m 2 ), (general) obesity (BMI ≥ 30 kg/m 2 ), abdominal obesity (waist ≥ 102 cm (men) or ≥ 88 cm (women)), and central obesity (waist-to-hip ratio ≥ 0.95 (men) or ≥ 080 (women)) are presented by ethnic group, separately for men and women. All prevalence rates were adjusted for over-sampling by weighting for age. Prevalence rates for overweight were between 33 and 45%, and prevalence rates for obesity varied between 11 and 16%. Among women, general obesity, central obesity, and abdominal obesity were much more prevalent than among men in all ethnic groups. Compared to Dutch women general obesity prevalence rates were more than twice as high among Turkish and Moroccan women. Prevalence rates for abdominal obesity were also higher among Turkish and Moroccan women compared to Dutch women. Of all measures for obesity, prevalence rates for central obesity were highest in all ethnic groups, with a majority of women having waist-to-hip ratios larger than 0.80. No sta- Unemployed, receiving social assistance or invalidity benefits. Ujcic-Voortman/Bos/Baan/Verhoeff/Seidell in the Moroccan ethnic population obesity prevalence rates were relatively high in all income groups. Unemployment also had a boosting effect on ethnic differences in prevalence rates of obesity in Turkish and Moroccan migrants compared to the Dutch. In table 4 the effect of the investigated SES indicators on the association between ethnicity and BMI, controlling for age, is shown. Controlling for individual SES indicators did not eliminate ethnic differences in BMI; BMI remained relatively high in Turkish and Moroccan migrants as compared to their Dutch counterparts. Controlling for several SES indicators, however, did have an attenuating effect on ethnic differences in BMI. In all groups educational level and unemployment (especially among men) did have a substantial, attenuating effect on the magnitude of the effect of ethnicity on differences in BMI. In Moroccan men and Turkish women income women only, as compared to Dutch women. Turkish and Moroccan women with a lower BMI had a (slightly) higher waist circumference than their Dutch counterparts. However, migrant women with a relatively high BMI had a (slightly) lower waist circumference than Dutch women. Turkish women with a lower BMI had a (slightly) higher and Turkish women with a relatively high BMI had a (slightly) lower waist-to-hip ratio than their Dutch counterparts.
As shown in table 3, ethnic differences in obesity prevalence were not the same across all socio-economic groups. Obesity prevalence rates were much higher in Turkish and Moroccan migrants with a low educational level as compared to Dutch people with the same level of education, but not in migrants with higher educational levels. Turkish migrants with a relatively low income had a higher prevalence of obesity than Dutch people with the same income level. In contrast, Fig. 1 Moroccan; ----Turkish. In Morocco, the most recent national survey in 2000 showed that 13% of individuals aged 20 years and older were obese (19% among women and 7% among men) [20] . We observed a much higher prevalence of obesity among Moroccan migrants, especially among women. Part of this might be explained by our urban setting. In Morocco prevalence rates are also higher in urban areas.
In a recent Dutch study, Cornellise-Vermaat and van den Brink [6] found the prevalence of obesity, based on selfreports, to be 11% in Turkish migrant men, 17% in Turkish women, 10% in Moroccan men, and 11% in Moroccan women. In our study we found much higher prevalence rates. The obesity prevalence among native Dutch participants was also lower than in our study. These lower rates in the study by Cornellise-Vermaat and van den Brink [6] are possibly due to the use of self-reports instead of measurements of body height and weight [21] . Furthermore, the response rate in their study was low (23.4%), and highly educated immigrants and nonworking Dutch women were over-represented, which might indicate that the sample was not representative of the total Dutch population [6] .
In Norway, Kumar et al. [19] found that, despite a relatively high mean BMI among Turkish men (27.9 kg/m 2 ) and women (30.7 kg/m 2 ), they did not have a correspondingly high waist-to-hip ratio. In our study, we found no statistically significant differences in any of the measures for obesity between men of Dutch, Turkish and Moroccan descent. Only in women, general obesity and abdominal obesity are significantly more prevalent in the Turkish and Moroccan migrant population as compared to their Dutch counterparts. Central obesity is common in all women, with a majority of women having a high waist-to-hip ratio (>0.80), regardless of ethnic level also seemed to be a relevant factor in explaining ethnic differences between them and their Dutch counterparts. After controlling for all SES indicators together, ethnicity was no longer a significant factor in Moroccan men, indicating that SES factors were accountable for (almost) all of the ethnic differences in BMI between Dutch and Moroccan men. Although controlling for SES indicators did have an attenuating effect on β for ethnicity in the Turkish group and Moroccan women, ethnicity remained a significant factor.
Discussion
This study shows high prevalence rates of overweight and obesity among Turkish and Moroccan migrants in the Netherlands as compared to the Dutch. The prevalence of general obesity is especially high among migrant women; more than twice as high when compared to Dutch women.
In studies performed among adults (20 years and older) living in Turkey prevalence rates for obesity were somewhat lower than the rates found in our study. In the Turkish Diabetes Epidemiology Study a prevalence of obesity of 22% was observed [17] , and a study performed by Erem et al. [18] among adults found an overall prevalence rate of 24% for obesity. In both studies prevalence rates were higher among women than among men [17, 18] . Even if obesity prevalence rates from these studies in Turkey might have been slightly lower than the rates in our study, the prevalence of obesity among these migrant groups in the Netherlands is still lower than that found in Norway. In a Norwegian study among Turkish migrants, the obesity prevalence was 25% among men and 51% among women aged 30-60 years [19] . individuals who did not receive the survey invitation is likely to be high, due to the high mobility of the Amsterdam population and incorrect residential information in the municipal population register (between 7.5 and 15% according to a recent investigation [26] ). This may have had a negative effect on our response rate. To correct for over-sampling and nonresponse bias, our data were weighted for age and sex group. Altogether, we consider the sample to be representative of the Amsterdam population. Several measures for overweight and body composition exist. In our study we measured relative body weight, waist and hip circumference. Other measurements are available to gain more insight into body composition and more precisely locate fat storages, such as dual-energy X-ray absorptiometry (DXA) and computed tomography (CT) [27] . However, including these measurements in a general health survey, is not feasible. Nonetheless, BMI and waist circumference are widely accepted measures, and waist circumference has been reported to be a better correlate of cardiovascular disease than other anthropometric indices [2, 3, 28] .
In conclusion, we found relatively high prevalence rates of overweight and obesity among Turkish and Moroccan women and Turkish men. However, the association between BMI and waist circumference seems to differ across ethnic groups. Among women, abdominal obesity is more common in the Turkish and Moroccan than in the Dutch group. However, Turkish and Moroccan women with a lower BMI have a higher waist circumference, but migrant women with a relatively high BMI have a lower waist circumference compared to Dutch women. In Turkish women the same pattern was seen for waist-to-hip ratio. Among Turkish men, overweight is more common than among their Dutch counterparts, however, they do not have a higher waist circumference or waistto-hip ratio than the Dutch. Moreover, when taking into account their relatively high BMI, they have a lower waist circumference and waist-to-hip ratio, indicating that Turkish men have a more favourable fat distribution with less abdominal fat than Dutch men.
However, the prevalence rate of overweight and obesity is still relatively high among Turkish and Moroccan migrants, especially women. Of all investigated socio-economic factors, educational level and employment status, the latter mainly among men, seem to be most important in explaining ethnic differences in BMI. To diminish ethnic differences in obesity prevalence, health promotion should also be aimed at diminishing socio-economic inequalities.
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background. However, when further investigating the relation between excess body fat and body fat distribution, we were able to show that the relation between BMI and waist circumference is not the same for each ethnic group. Although the mean waist circumference is relatively high in Turkish and Moroccan women compared to Dutch women, especially in women with a relatively low BMI, their gain in waist circumference, when their BMI increases, is relatively low compared to Dutch women. Compared to the Dutch and when taking into account their BMI, migrant men had a relatively low waist circumference and waist-to-hip ratio.
It is known that in highly developed countries, SES is strongly and inversely associated with obesity [7] [8] [9] . One of the aims in this study was to gain insight into the effect of several indicators of SES on ethnic differences in the prevalence of obesity. We have shown that ethnic differences in obesity prevalence are not the same in all socio-economic groups. And, although none of the investigated individual socio-economic factors can completely account for all of the differences, educational level and unemployment, especially among men, seem to be important factors in explaining ethnic differences in BMI. These factors have a substantial and attenuating effect on differences in BMI between the Moroccan and Turkish populations and the Dutch population. A possible explanation for this is that educational level may be positively associated with the extent to which someone is influenced by social standards and health messages, and thus be negatively associated with obesity risk [9] . Furthermore, unemployment might cause stress and in general deteriorate health and therefore increase the risk of obesity [22] . However the relation between SES and obesity is a complex, bidirectional one, and other factors such as heredity possibly play a role [23] .
When interpreting the results of our study, its strengths and limitations should be taken into account. A clear strength of the present study is that we were able to assess data on body weight and height via physical examination. In several studies [6, 12, 13] , prevalence rates of obesity among Turkish and Moroccan migrants were based on self reports, which is known to lead to underestimation of the true problem of obesity and overweight [21] . In our study we used measurements of body weight and height as well as waist and hip circumference to assess prevalence rates of (central and abdominal) obesity.
Another important strength is the inclusion of a large sample of two well-defined ethnic minority groups, Turks and Moroccans, that could be compared to a Dutch population sample from the same study.
An unavoidable potential source of bias could have resulted from the relatively low participation rate (45%). Nonetheless, the response rate is comparable to that of several other large surveys in the Netherlands indicating that any systematic bias is unlikely [13, 24, 25] . In addition, the number of
